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Ultra-fast Electro-optic Switching Control using a Soliton Pulse 
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Abstract:  We have proposed the use of a soliton pulse that propagates within a modified add-drop filter, which is made of a 
GaAsInP/P material. It is in the form of a Panda-ring resonator, from which a bright/dark soliton pulse is input into a system via 
an input port. The conversion between bright and dark soliton pulses is introduced at the 3dB coupler, i.e. the change in phase of 
π⁄2.  But it is not superimposed each other. The output solitons obtained at the through and drop ports are bight and dark solitons 
respectively. Both signals can be used to form ”ON’ and “OFF” or “1” and “0”, which are useful for the digital bit generation. The 
switching speed of the system can be improved by employing the two nonlinear side rings. In application, secure output bits can 
be arranged by using the alternative input solitons or the control ports, where the input bright and dark solitons can be converted 
into output bits. This means that the output bits can be randomly switched between “1” and “0”, which can be identified by the 
sender. Moreover, the additional information can be multiplexed via the add port and transmitted in either free space or optical 
fiber via the whispering gallery mode and through port outputs. Finally, the electro-optic switching can be transferred and the 
electronic switching by the embedded stacked layers, where the ultrafast switching of light input can lead the ultrafast electrical 
switching speed. The switching speed of ~5 fs and the offset time of ~220 fs of the “on” and OFF” are achieved by using the 
selected ring parameters. 
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1. Introduction 
Electro-optic devices have progressed rapidly in the recent years due to the development of new materials that can support both 
optical and electrical applications such graphene [1], ZnO [2] and chalcogenide glass [3]. It has increased the trend of the electro-
optic devices have increased in many areas of investigation [4-6]. One of the major investigations is the electro-optic switching 
that can offer many advantages for the communication devices and related technologies [7-10]. The electronic switching signal 
has the major role in many applications, especially in computing, communication and control systems. However, the electronic 
switching has the limitation in speed improvement the best electronic switching speed of ns is could be achieved until now [11]. 
Optical switching has shown the ability in many applications, in which the improvement has no limitation in the signal generation, 
while the limitation is the detection device [12-14]. The search for high-speed switching is continued, however, the improvement 
is rarely seen. Recently, the interesting aspect of electro-optic signal conversion has come through when the stacked layers of the 
silicon-graphene-gold materials have shown promising behaviors [15-17], from which the switching between light and electrical 
signals can be performed. The advantage of the fast switching from light signal can be transferred to the electrical signal by using 
a stacked layer device. The input sources via the stacked layers can be either light or electrical signals that can be transmitted and 
recovered at the other ends. In this case, the electronic switching speed can be improved by using the microscale device. The 
requirement of the ultrafast switching can be fulfilled in addition to power stability by using the soliton pulse input which has the 
narrow pulse width and displays stable power during the operation[18]. In this research, a soliton pulse is used for processing 
within the system. The alternative signals between bright and dark soliton can be obtained at the through and drop ports 
respectively. The ultrafast signals can also be improved by the two nonlinear side-rings. The fast electronic-switching is obtained 
at the gold layer interface. The control signal is provided by the Gaussian input via the add port. This article presents simulation 
work The graphical method is firstly introduced, the verified results are obtained by the MATLAB program. Reality-based 
parameters are employed in our simulations, hence, the realization of the proposed device seems fairly possible. 
 
2. Theoretical Background 
By using the graphical method known as an Optiwave program, where all output field parameters are specified and used for 
MATLAB simulation by using the related equations (1)–(9). The switching output can be obtained, in which the switching time 
can also modify using the two nonlinear phase modulators. The transfer functions of the system ports are given by the authors in 
reference [19-20]. But it they are required to modify and re-arrange, especially,  the changes in the propagation lengths and the 
coupling constants including in the propagation fields. The control signal is input into the add port that can be obtained at the drop 
and through port after the resonant condition. Ther is no imposed on the soliton signals and others because of the soliton pulse is 
not evolved with any combination input field. 
The proposed waveguide material is made of a nonlinear material known as an GaAsInP/P, where the refractive index(n) is 
given by  0 2 0 2
eff
P
n n n I n n
A
    , Where 0n  and 2n  are the linear and nonlinear refractive indexes, respectively. I  is the 
optical intensity and P  is the optical power. effA  is the effective mode core area of the device. For micro/nano ring resonator, the 
effective mode core areas range from 0.1 to 0.5 
2m  [20]. Generally, the resonant output of the light field is the ratio between the 
output fields (Eth (t) or Edr (t)) and input field (Ein (t)) in each roundtrip within the system without the two side phaase modulator, 
which is shown in Figure 1. 
The transfer function of output power/intensities at through port and drop port are given by (1) and (2), respectively[19]. 
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Where  1 2 exp 4A L   is the half-roundtrip amplitude (
2
1 2A A ),  1 2 exp 2j T   is the half-roundtrip phase 
contribution (
2
1 2  ),  
2
1,2 1,21   , 𝜅1 and 𝜅2 are the coupling constants. 
 
We have proposed the ultrafast switching generation system, which is required the soliton input that can provide the fast 
switching with power stability. When the input is the bright soliton pulse(𝐸𝐵), the output at the the through and drop prorts after 
the time evolution are the bright abd dark( DE )solitons, repaectively, which are given by [19, 20] 
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Where A  is the optical field amplitude and z  is the propagation distance. T  is the soliton propagation time in the frame moving 
at the group velocity ( 1T t z  ), here 1  and 2  are the coefficients of the linear and second-order terms of Taylor expansion 
of the propagation constant. dL  is the dispersion length of the soliton pulse (
2
0dL T  ). 0T  is the initial soliton pulse width, 
where t  is the soliton phase shift time, and 0  is the frequency of the soliton. This solution describes a pulse that keeps its 
temporal width invariance as it propagates, and thus is called a temporal soliton. When a soliton peak intensity (
2
0T  ) is 
given, then 0T  is known. For the soliton pulse in the micro/nano ring device, a balance should be achieved between dispersion 
length ( dL ) and nonlinear length ( 1nl nlL   ), where   is the length scale over which dispersive or nonlinear effects make the 
beam become wider or narrower ( 2 0n k  ). For a soliton pulse, there is a balance between dispersion and nonlinear lengths, 
hence, d nlL L , this is a dispersion compensation behavior os a soliton propagation.  
 
 
 
Figure 1: A schematic illustration of a Modified Add-drop Multiplexer , where 𝑅𝑑 , 𝑅𝑟 , 𝑅𝑙 , are the ring radii of the center ring and two side rings, 
right (𝑅𝑟) and left (𝑅𝑙) hands, 𝑅𝑆𝑖: Silicon ring radius, 𝑅𝐺𝑟: Graphene ring radius, 𝑅𝐴𝑢: Gold ring radius. 𝐸𝑖𝑛, 𝐸𝑡ℎ, 𝐸𝑑𝑟 and 𝐸𝑎𝑑𝑑 are the input 
port, throughput port, drop port, and add port electrical fields, respectively. The coupling constants 𝜅1= 𝜅2= 𝜅3= 𝜅4= 0.5. The other parameters 
are given by the related figure captions. 
 
3. Simulation Results 
In simulations, we started with the graphical approach. Figure 2 shows the graphical plot of the bright soliton input with a pulse 
spectral width of 60 nm, the center wavelength is at 1.55 micron and peak power is 1.0 W. The whispering gallery mode is 
obtained as shown in Figure 2, the WGM formalism can be found in the reference [21]. The used parameters in the Optiwave 
program are applied to the following results. The outputs at the throughput and drop ports are plotted in Fig. 3, where the 
switching signals are formed by the bright and dark solitons, respectively. Those two states of signals are labelled as "1" and "0" 
which present the binary digits or bits. Results of the drop port and throughput port signals are as shown in Figure 3, where (a) the 
input soliton pulse is 1 W with a center wavelength of 1.55 µm,  a pulse spectral width of 60 nm at FWHM. The Gaussian pulse 
power is 1 W, of which the time offset is 220 fs with a half-width of 5 fs, the center wavelength is 1.55 µm with 450 nm 
bandwidth at FWHM, (b) the bright soliton is input into the add port, with the soliton pulse peak power is 1 W,  a soliton center 
wavelength of 1.55 µm,  the soliton spectral width is 60 nm at the full width at the half maximum(FWHM). From which the 
secure output bits can be obtained by using the control signal applied at the add port. In this example, the bright soliton is assigned 
as the control signal and input into the system.  At the resonant condition, the output solitons at the throughput and drop ports 
change to "0" and "1" as shown in Fig. 3(b). In application, the control signals can be randomly applied either a bright or dark 
solitons and the sender can recognize and verify the corrected output bits(codes) with the end user. 
 
 
 
 
 
Figure 2: Plot of the result obtained by the Optiwave program, where  𝑅𝑙 = 𝑅𝑟 = 1.1 µm , 𝑅𝑑 = 2.0 µm. 
  
 
Figure 3. Results of the drop port and throughput port signals, (a) the input soliton pulse is 1 W with a center wavelength of 1.55 µm and a 
spectral width of 60 nm at FWHM. The Gaussian pulse is 1 W, (b) the input into the add port is the bright soliton pulse of 1 W peak power, at 
the center wavelength of 1.55 µm,  the spectral width at FWHM is 60 nm.  
 
 
 
 
 
Figure 4. The plot of the mobility outputs of the system, where the gold layer parameters are w = 0.5 µm, thickness = 0.5 µm, the gold island 
thickness is  0.5 µm. The gold ring radii are varied from 600-1500 nm. 
The mobility outputs of the stacked waveguide outputs are plotted in Fig. 4. The used parameters are w = 0.5 µm, thickness 
= 0.5 µm, the gold Island thickness is  0.5 µm. The output mobility and input power relationship are plotted, where (a) the 
throughput port, (b) drop port, and (c) the Island. The other information can also be included via the multiplexed input (add) port. 
The results of the multiplexed signal are shown in Figs. 5-7, where the relationship between the driven mobility of the Island and 
the switching time is plotted. From which the transmission links of the output signals can be employed via the free space link 
using the WGM outputs.  In this proposed work, the transmission signals can be used in either optical or electrical form by using 
the stacked layers of silicon-graphene-gold, in which the conversion of the electro-optic signals can be provided. The relationship 
between the light intensity (I), group velocity and the electron mobility can be expressed as 𝑰 = 𝑬𝟐  = ( 
𝑽𝒅
𝝁
)𝟐,  which is defined by 
Vd = µE. When an electric field E is applied to the grating sensor, an electric current is established in the conductor. The density Js 
of this current is given by Js = σE. The constant of proportionality σ is called the specific conductance or electrical conductivity of 
the conductor, for gold, it is 1.6x10
8
 W
-1
m
-1
 [23, 24].  The electron mobility in gold is 42.6 cm2 V-1 s-1, the electron mass is 
9.10 × 10-31 kilograms, the electron charge is 1.60 × 10-19 coulombs. The refractive index of the silicon is 1.46. The linear 
and nonlinear refractive indices of the GaAsInP/P are 3.14 and 1.30x10-13 m2W-1, respectively. The attenuation coefficient 
of the waveguide is 0.1 dB (mm)-1. The multiplexed signals can be applied via the add port, in which the secure bits can be 
performed by the soliton control.  
 
Figure 5: The plots of the mobility output at the Island, where the add port input is the bright soliton pulse, the peak power is 1 W,  the input 
soliton pulse peak power is ranged from 1-5 W. 
 
 
Figure 6: : The plots of the mobility output at the Island, where the add port input is the Gaussian pulse, with a peak power is 1 W,  the input 
soliton pulse peak power is ranged from 1-5 W.  
 
 
 
Figure 7: The plots of the mobility output at the Island, where the input soliton pulse peak power is 1 W and the add port input is the Gaussian 
pulse, the peak power is ranged from 1-5 W. 
4. Conclusion 
The ultrafast electro-optic switching using a modified add-drop optical filter is designed and modelled for electro-optic flip-flop 
application. The bright soliton is the input source that is input into the system via the input port. The output at the throughput and 
drop ports can be used to form the switching signals as "On" or "Off" randomly, which is the soliton output characteristics via a 3 
dB coupler. The control signal is input into the system via an add port, which can be another common laser having the same 
wavelength as the fiber laser(soliton) put. It provides the security codes for transmission. The light signal is converted into the 
electronic signal by the plasmonic stacked layers which are placed on the certain length at the device ends. The major advantages 
are the ultrafast flip-flop speed and the secure signals achieved by the soliton dark-bright conversion behaviors and the ultrafast 
switching speed. The secure transmission is formed the control port signal that allows the dark/bright output signals to be 
identified between the sender and receiver. The simulation results obtained have shown that the time offset is 220 fs with a half-
width of 5 fs, the center wavelength is 1.55 µm with a spectral width of 450 nm at FWHM, (b) the input and add port with the 
soliton pulses of 1 W with a center wavelength of 1.55 µm and 60 nm spectral width at FWHM, which is the interesting for 
electronic flip-flop switching time. Moreover, there are two alternative transmission techniques, a free space and optical fiber 
links can be applied. 
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